Xylitol is an alternative sweetener which has been previously reported to have many beneficial effects such as prevention from dental caries, reduction of visceral fat and increased synthesis of collagen. However, its role in body weight loss management has not been uncovered before. This study sought to investigate the effects of xylitol on body weight loss management, blood glucose and lipid profile on diet-induced obesity (DOI) mice. Fifteen male mice were subjected to high fat diet (60 kcal%) and normal drinking water for 28 days and then randomly divided into three (control, glucose and xylitol) groups. Each group of mice was then fed with normal diet for another 28 days with supplied normal drinking water (control); glucose solution 10% and xylitol solution 10%. Body weight loss was found to be significantly high in xylitol mice (2.56 ± 0.21, p = 0.003) compared to the other two groups. Lowest blood glucose level was found in the control group mice with the mean 7.65 ± 0.10 (p = 0.001). Xylitol mice had also showed the lowest total cholesterol level (4.20 ± 0.90, p = 0.000) than the other groups, but highest in HDL level (2.72 ± 0.14, p = 0.000). In conclusion, these findings proved that xylitol has the potential to reduce body weight, lowering the blood glucose but yet increase the HDL level.
Introduction
During the last decade, obesity has become a growing global health problem. With increasingly cheap, high calorie food such as fast food, prepared foods that are high in salt, sugar and fat, combined with our increasingly sedentary lifestyle, it is no wonder that the rate of obesity has rapidly increased around the world. The overconsumption of sugar in the standard diet has had devastating effects on people. A corresponding rise in other chronic conditions including cardiovascular disease instead of diabetes has been noted [1] .
One of the ways to iron out these problems is by finding a better sweetener as an alternative to sugar. From a health perspective, xylitol, the five-carbon sugar alcohol had previously reported to have many beneficial health effects. 40 grams per day of xylitol intake orally is safe and well tolerated on both humans and rodents. This amount equals to 10 -12 teaspoons of sugar with no subjective or objective adverse findings. After administration, lesser insulin is released by xylitol compared to glucose. This is a good thing for those who are concerned with their body weight, as well as for the insulin-sensitive individuals. Apart from driving the glucose into the cells, insulin also tells the body to store even slight excess of carbohydrates as fat, rather than to use them as energy [2] .
Suppression of visceral fat accumulation had been found in rats given high fat diet supplemented with xylitol. The relative weight of mesenteric fat was reduced by 23.2%. At the same time, it also suppressed the insulinemia and lipidemia by significantly lowers the plasma insulin and triglyceride concentration to 29.3% and 54.5% [3] . The long term intake of xylitol has been found to induce the expression of beta oxidation genes which promote the lypolysis in the liver and adinopect in genes in the adipose tissues. The finding exhibited that xylitol is safe to take in a long period of time [3] . This study, however, would like to investigate the effect of xylitol supplied in the drinks towards body weight loss and lipid profile of diet-induced obesity mice.
Methodology

Acclimatization Week
All 15 C57BL/6J male's mice were kept under standard pathogen-free conditions. The mice were fed with standard diets and normal drinking water with regular 12:12 light-dark cycle for one week. The mice were housed in the same number per cages. The cages and bedding conditions were checked daily and the cages need to be changed more frequently after the mice become obese. The environment nearby the mice cages were controlled, as noise, traffic or other disturbances will affect body weight and cause bias in the diet induced obesity experiments.
Mice Randomization, High Fat Diet Feeding and Measurement of Food and Water Intake
As there is also individual variation even in the inbred strains of the mice, it is important to collect the baseline data of the mice before experiments. The body weight of all mice were weighed by using weight scale and fasting blood glucose level for all mice were measured by using glucometer before the experiment begin. The mice with body weight below 15 g or over 25 g at 4 weeks of age were excluded. The baseline fasting blood glucose level of mice ranges from 40 -190 mg/dl at age of 4 weeks but only mice with their fasting blood glucose level between 70 -130 mg/dl were recruited. Mice with ill looking, teeth problem or hair diseases were excluded from the study. All mice were fed with high fat diets and normal drinking water to become the induced-obesity model. 60% kcal high-fat diets were given to all mice. The food color was observed daily. Food and water intake of the mice were calculated, measured and recorded daily. Body weight measurement and non-fasting blood glucose level measurement were performed once a week.
Standard Diet Feeding with Normal Drinking Water, 10% Glucose and 10% Xylitol
After being obese, all mice were divided into three different groups which were control, glucose and xylitol. Each group was administered with three different water solutions as their source of fluid. The normal drinking water was for control group, 10% glucose water was for glucose group and 10% xylitol water was for xylitol group. At this moment, all mice were fed with standard diets. Food and water intake of the mice were calculated, measured and recorded daily. Body weight measurement and non-fasting blood glucose level measurement were performed once a week.
Blood Glucose Measurement from Tail Blood
As for non-fasting blood glucose level measurement, the blood was taken out from the tails. The tails were pricked as less as possible by using single needle (26 g). The bloods from the tail were then dropped onto glucose strips inserted in the glucometer and the results were recorded.
Serum Lipid Profile Measurement
As for lipid profile measurement, the whole blood samples were collected by using cardiac puncture protocol. The mouse was placed in the chamber before turning on the gas from the carbon dioxide (CO 2 ) tank and euthanasia of the mouse was done. The cardiac was punctured by using single needle from the outside. The whole blood sample obtained from the cardiac was centrifuged and the serum was separated for further analysis. The serum lipid profile measurement was performed by using automated biochemistry analyzer.
Data Analysis
All data were presented as a mean and standard deviation of the mice. Significance of the differences was determined by analysis of variance (ANOVA). The data were analyzed by Statistical Package for the Social Sciences (SPSS) statistical software. The p values were considered significant if <0.05.
Ethical Consideration
This study was approved by the Animal Ethical Committee of Universiti Kuala Lumpur-Institute of Medical Science and Technology, Malaysia. Figure 1 shows the comparison between DOI mice in control, glucose and xylitol group in body weight loss, food and water intake. Xylitol mice shows the highest body weight loss and daily food intake by mean value of 2.56 ± 0.21 (p = 0.003) and 5.4 ± 0.40 (p = 0.000). Glucose mice demonstrates the highest water intake which is 10.18 ± 0.20, whereas xylitol mice shows the lowest water intake at 9.72 ± 0.06 (p = 0.000). Figure 2 exhibits the effect of xylitol towards total cholesterol, triglycerides, HDL and LDL of DIO mice. The cholesterol level in xylitol mice (4.20 ± 0.90) has the same mean value with the control mice group (4.20 ± 0.19). The highest total cholesterol was found in the glucose mice (5 ± 0.20). Xylitol mice also shows the highest HDL (2.72 ± 0.14, p = 0.000), but the lowest for both triglycerides (1.21 ± 0.90, p = 0.000) and LDL (0.24 ± 0.01, p = 0.000) compared to other groups. 
Results
Discussion
A successful induction of high-fat diet was observed when body weight gain was found increased to more than 30% from the initial weight upon arrival of all 15 ICR male mice during high fat diet feeding period. Thus, the body weight gain occurred independently from any increased food and water intake.
Our data shows xylitol mice experienced the highest weight reduction compared to other groups. There are many different factors involved in weight control. One of it is the gastric emptying time. The slower gastric emptying time for the digestion and absorption of nutrients affects the body weight loss. Previous studies have reported that the consumption of xylitol had significantly prolonged the gastric emptying time [4] [5]. It not only prolongs gastric emptying time but also concomitantly accelerates the intestinal transit of nutrients compared to glucose when fed as a single oral dose [6] . The parenteral infusion of glucose substitutes including xylitol has been reported to have several health benefits, such as anti-ketogenic effect, small damaging effect towards vein as well as increased in metabolism [7] . Compared to glucose, xylitol consumption is more rapidly followed by high glycogen storage in the liver [8] . Later this will reduce the generation of glucose from amino acids through gluconeogenesis [9] . Improved nitrogen balanced, augmented level of protein and muscle RNA content were found in critically ill animal infusion by xylitol [10] [11] .
This study also demonstrates a significant effect by xylitol towards the level of total cholesterol, triglycerides and LDL. This might be because xylitol supplementation has the ability in suppressing hepatic triglycerides and other cholesterol concentrations of mice induced by high-fat diet. Islam (2011) has reported that xylitol has significant effects in most serum lipids of animal lab. In addition, a recent study by Amo et al. (2011) reported that 8 weeks feeding of xylitol could significantly decrease the serum lipid profile in normal rats fed with a high-fat diet except for HDL-cholesterol, although the food intake data was not presented in their report. Their data showed intake of xylitol induced the expression of lipid degradation and adiponectin genes in the adipose tissues, as well as fatty acids beta oxidation genes, which catabolised the long chain fatty acids in the liver [3] . Tamura et al. (2013) reported that plasma total cholesterol concentration in their xylitol-fed mice is also significantly lower than the control group [12] . They suggested that dietary xylitol has a modest effect towards lipid absorption in mice. It also reported that total serum cholesterol level was significantly lower in xylitol rats compared to the control group [5] [13] . However, no significant differences in serum triglycerides were observed between xylitol and control rats [12] .
Conclusion
From the present finding, the supplementation of xylitol was found to have potential effects against lowering lipid profile measurement of DIO mice, as evidence by biological assessment and chemical analysis finding. The most significant effects were observed in xylitol group which showed improvement and reduction of lipid profile measurement. In conclusion, the finding of this experiment and all supportive evidences suggested that xylitol has the potential to reduce body weight, blood sugar and total cholesterol but yet increasing the HDL level.
